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ble for coating electric cables by melt ^^^rusion^ copolymers) are known, having a melting temperature 

FEP copolymers (tetrafluoroethylene-hexafluo^prop^^^^^^^^ 

of about 260-265-Candendowedwithrelat.velygo^mec^^^^^^^^^ 

tor instance in US Patent 2,946.763. '^ll^^^^^^^^^^^ viscosity leads to a decay of the mechan.cal 

a low melt viscosity is required, i.e. a h.gh meU fl°«J"^«J^^/' percentage of hexafluoropropene (HFP) are prepa ed. 

pateTa^r — - -^'-'^^ '"^ 

^^^rP^t': 587 s'^ 6 suggests the use. as third monomer, of perfluoroalkylviny.ethers wherein the pertluoroalky. 
^ group contains an even higher number of carbon a^ms: from ^ 3bout 0.4% by moles of per- 

- melting temperature: about 260*C; 
. stress at break at 200*C: about 4 MPa; 
25 - yield stress at 200»C-. about 3 MPa; 

: ;Cstr2^at%^^^^ 

The methods for determining these P;°2i;:^lin:d'^^^^^^^^^^ 

Generally, superior mechanK:al proper^es ^ e obtained wrtn . h P ,^,3 viscosity. 

With perfluoropropyMnylether, as ^^^^'''^^ VJ^^^^^^^ of calrbon atoms of the pertluoroalkyM- 

The perfomiances of this '^'^^-^^ 
r,yletheralkylgroupincreases,eventhoughtl^ereact^^^ 

still remaining, however, more reacttve "^.^"^l^^^^^^^S to a decrease inThe productivity of the polymenzafon reac or 
9o ^^^=ore.theneedoffindingnewcombina^^^^^^ 

omethylvinylether and of one or more at high temperatures (even at 250-C) 

endowed with a very good combination '^^^^ cables by mert extrusion. The superior 
and of stress resistance,, making them part^ul^^^^^^^^^ 

propertied of these copolymers are Pj^^^'^'^^'^'^t^^U^ ^tonl are dearty inferior to those of the TFE-perfluoropro- 

oethylene (TFE) copolymers wrth P«'*'"°;;°'"t 1 '^^^^^^ object of the present invention, derrves f. .m 

pylviylether copolymers. A particular ^^^"^^^ TFE. by far more reactive than both per- 

the fact that pertluoromethylvinylether "^^^^^ „,„ber of carbon atoms and hexafluoropropene. 

""TrreStror^r 

stances - copolymer^ation ^'-^^^'^^J; .^'.^^J^^^^ copolymers which.over- 

A first object of the present invention is P copolymers of the prior art. 

come the shortcomings encountered P^P^^^^a,^^^ in particular, for coating electric 

A further object is to provide new thermoprocessaoie ltd- h y 
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wherein is selected from: 
, .„,T .^e,* Rp is a p,rt,«„oa,M- ^d-, havin, .cm a ,o , 2 ca*cn a,»^ a,K. T ,= F. C, o, H; 
»s ii) 



wherein 

iii) 



- (CF,-CF-0) „- (CP,) .-CF, 
1 

CF, 

n is a number from 1 to 4. and m Is a number from 0 to 3; 



(II) 



Z (OCF) j,(OCF:-CF) q-OCF, 

I I 
X Y 



(III) 



wherein the 

3* (OCF) 

I 

X 



and. 



(OCF--CF) 
I 

Y 



units are randomly distributed along the chain; 

X and Y are, independently from each other, -F or -CF3; 



the average number 

iv) 
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{CF,-CF-0)i-(CF,),- (0-CF 
I I 



W 



-CF,),-0-CF = CF, (IV) 
W 



wl.o.ein W is -CI. -F or -CF3. and 1 and t are numbers from 0 to 5; 

V) 




wherein r is a number from 0 to 4; 

(2) 



r2 - CH = CHg 



(VI) 



^.^ na i, . Bp-T group R, . . p.*o».,Ky,ea» ^ «av,.a f™,. 2 .o - 2 e.*=n a,om.. 

and T is F, CI or H; 

c, ,.,..„o»s«,o„o. in s„=. an ,™« ,na, sum o, ,h. pe^nuges o, me va,^. mono„e,s . e,ua, .c 

100% by weight. 

The preferred percentages by weight of the three types of monomers Is the following: 

. perfluoromethylvinylether: 2-9%; 

- one or more fluorinated nnonomers (b) : 0.1-1 .5 /o, 

- tetrafluoroethyiene: difference to 1 00%. 

-rrr:r.tpa - *so*...o, «a^ca.n E.^^^^ app,^.- No. .xan,p,as 

°'r.=ro;;7o."~->^^^^^^^^ 

rv cl-CFri-0-%(CFO)p- (OCF,-CF) ,-OCF, . 

I I 
X Y 

«-r.^zr;foraT^ro;:^rp::i;r^^ 

Among these comonomers the compound 
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CF, = CF-0-(CF2-CF2)-0-CF = CFg (^1) 



' The comonomers of type (1 )(v) can be prepared according to the method described in US Patent No 4.01 3^689^ 
i^Tirrc^oTomers ^foinllla R^CH = CH^. has preferabty from 2 to 6 carbon atoms. Examples of these 

^°Thra::v:r^;b"e°ri^^^ -d pe—thyMnviether a.one to give 

. K ITZ fn f^b^^^ with each other to g>/e tetrapolymers or copolymers with more complex composrtK^ns. 
"^'"rHeX^s-^^^^^^ ''^'^'^ '^"^^ po^mer^at^n 

carried out as follows. The po^meHzation in^ia^or can be .ny 
subsiancrSr^^^^ radicals such as. for instance, a peroxide, a percarbonate. a persulphate or an azo- 

S^rund^erl? ^Vse compounds have, in the reaction conditions, an average lifetime sufficient to ma.nta,n the 
SridtrcJli^thedeslred^^lecularweight. Areduc^^ promoter for the init«tordecomposrt.on. such 

"ounfof i^^or t^ ^e ^Sd depends, as Known, on the reaction tempe^ture on the possible presence of 
chain transfer agents, on the desired molecular weight value, and generally on the reaction conditions. 

MoTeover. t^e polymerization in aqueous medium needs the presence of a surfactant. 
carboxylic acid salt (for instance ammonium perfluorocaprylate). Other suitable compounds are perfluoroalkoxyben 
7flnfiuinhonic acid salts as described, for instance, in European patent application No. 1 84.459. 
" Opt cS^y sub^^^^^^ 

medium These solvents can be. for instance. i.i.2-trichloro-1.2.2-tnfluoroethane. 1.2-dK:hloro-1. 1.2.2 tetrafluor 
oethane trichlorofluoromethane. dichlorodifluoromethane. CCIFgH and perfluorocyclobutane. 

Tte partteu^^^^^^^^ to carry out the polymerization in aqueous phase in the presence of P-^^^opo^' 

ethers They ^n lo added to the reaction medium in the fomr, of aqueous emulsion .n the presence of a suitaWe 
disposing age^t as described in European patent application No. 247. 379 or. preferably, in the fomr, of aqueous mK:ro- 

emulsion, as described in US Patent No. 4.864,006. i„otan^o in 1 1«? 

SSmatively the polymerization can be carried out in a liquid organic medium, as described for instance in US 
Patent NoT642 742 /Siy Initiator for polymerizing TFE in an organic medium can be employed. Preferably the inmator 
Ts ilw^in '^e reSo^^solvent Ex^ptes of suitable initiators are alkylpercart,onates and perfluoroacylperoxides. 
" 'TJ clonc^STre general^ introduced into the reactor in the fom, of gaseous mixture^ An adva^mgeous v^y 
of Jrr/ing out the poVmerization consists in introducing into the reactor the third monomer (i.e. the 
t t?e Tseous reaction mixture) only at the reaction start, keeping constant the reaction pressure by further addiUon 
of Te ?FSoerfluorar^TthyMnylethe?^^^ mixture. An advantage of this technique is that the third monomer added 
a Je^ea^tion^S^^^^r^^^^^^^^ 

a^it^SrsSth fi ti^^^ a.d economical reasons. In fact, the third monomer emptoyed in the process genera^^y 
e^pens^ th^^^^^^^^ wouki be necessary to recover the unreacted monomer when the reactKxi -s over The 
parJcular prSedure adopted in the present invention, on one hand makes unnecessaiy a recovery Pr^^ess °f the 
mon^tr aS. on the other hand, maximizes the efficiency of the incorporation of such monomer in the PoVmer cha^.^ 
Te characteristics and the perfomnances of the copolymers of the present invention were detemnined as foHows^ 
The melt vfS was measuri. according to ASTM D-1238-52T standard, using a modify ^"'■Tll^f', 
Llfn^er noS^ and piston are made of corroston resistant steel. 5 g of the sample were '"t^^^^^^^l"^' .^f ^^"f ^ 
■^v^a an 9 S3 mm internal diameter, kept at 372 ± 1 -C. After 5 minutes, the molten polymer was extruded through a 
c^piSiThavSg a 2^^^^^ mm diameter and a 8.0 mm length, applying a 5 kg load (piston . weight), -^K^^^^^^rres^ds 
Ta Shear stress of 0.457 kg/cm^. The melt viscosity expressed in poise, was calculated from the equ pment config- 
uratiS id wa^obtained d-Ling 5^^ by the observed extmsion rate, expressed in grams per-minute. 

The copolymer composition was determined by mass balance. ci«,^r /^airu 

The memng temperaVure was determined by differential Scanning Calorimetry (DSC), using ^^^^^'^TJ^^a 
rime er Mod IV About 1 0 mg of the sample to be analyzed were heated from room temperature to 350 C with a 1 0 C/ 
Tn rL ^e sample was kept at 350-C for 5 min. and then cooled to room temperature with a lO-J/min rate. T>.e 
Tatl^g to 350-C v^s repeated with the same modalities. During this step, the temperature corresponding to the max- 
imum of the melting endotherm curve was registered and indicated as 'second melting ten^erature [T (H J 
^e thermal stability of -the obtained polymers was determined by Thermo Gravimetric Analysis in m^^^f^^l 
ss tgA n!^ 7 apparatus operating isothermally at 380-0 in air. The weight loss, expressed as percentage, after one 
hnur i<i an index of the thermal stability of the material. w « 

For mrasuring tensNe propertiesTtensile stress and elongation at break, yield stress, yieW elongation and Young 



45 



SO 



6 



EP 0 633 274 B1 



Todete-mine Ihe sttsss resistance, Ihe standard ° W™"! <'e^>««^" *s™ l^^^^ 
was us«<, Th. measurement was earned ou, - =P-™- J^^^^j^^ 2^ S tot ,36- angle rightward 
gripped in the Jaws ol the equipment arrt at kg ""^''"''^T'^^l^^^s cycles per minute. The number ol 

EXAMPLE 1 

A 22 .iter A.S. 316 steel autoclave, provided with a 7-^-'-' ^^^^^^l^^^^^^^ Is SSnT^nrage'nt i^an 
evacuation, there were introduced in sequence: 14.7 ' <>^d«'"'"«^''"^,7^^^"'''^„^'^^^^^^^ aqueous per- 
amount of 0.75 ml/lH20. perfluoropropylvinylether (FPVE) in Z.*Trm006 so as to have a surfactant 

_ fluorppolyetherrr^icroemulsion P^«P^'«^ ^^==-^^9 to Exa^^^^^ ^3^,3 ^i,. 

@ concentration of 2 9^HaoJhe autoc^v^^^^^^^ ^ V V^^^^ „„„ 3 p,333,,e of 20 

ture, with a molar ratio TFE/FMPVE equal to d/.a/i , was ««oo« y a.rtnrlave was analyzed by gas chromatog- 
absotute bar was reached. The composttion of the <'"f J^^J^ ^a^d 4.0% FPVE; 

raphy. At the beginning, it had the following composition ("^^ '^J'lSiltohate w^th a flow rate of 170 ml^our. 
then'by means of a dosing pump, a 0.011 molar ^'^'^l^'^^^^^^^^^^^^ rnonomer mixture, and 

25 was fed continuously. The p0lymer.2at.0n pressure was kept co"^ten ^^'ngthea ^, ^^3, 

b.=?i':::trrdTio^-rxrrsf,reS?sT^^^^ 
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It was operated as in Example 1 . except that the amount of f^f J;-/ ^ ^^^^^^^^^^ 
0.95-mi/Wo and that the monomer gaseous mocture '^^^^"""a 77.8%TFE. 17.2% 

27.6/1 . B'^ore starting the reaction, the gaseous Pl^^.^f 280 min of reaction). 

rL^JsT^^^^^^^^^^^ 

MVE. 0.3% FPVE. . ^. 

Table 1 reports the data relating to the polymer charactenzation. 

EXAMPLE 3 

^^..U was operated as in Example1.except.atat the beg.^ 

the reactor ^ ^'^^ -"^oTeJ^^^^^^^ Svl^f^sCnTthe faction. L gaseous phase had the 
the whole '° T 5;^^^ 5 0% FPVE. When 6.600 g of the above said monomeric 

SSwing composition (% by moles): 79.7% TFE. 20.0% MVE. 0.3% FPVE. 
Table 1 reports the data relating to the polymer charactenzation. 

EXAMPLE A fcomoaratlve^ 

,hat FPVF vras not introduced into the reactor. The initial gas phase in 

It was operated as in Example 1 . except that FPVE vras 1""°°"^^° when 6 600 g of the above said 

th,aut«,ave^^m..c.o-ng^^^^^ 
monomeric mixture were fed (alter aooui ^'mj mm ui maw 
had the following composition (% by moles): 87.6% TFE. 12.4 /c MVE. 
Table 1 reports the data relating to the polymer charactenzation. 
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TABLE 1 
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1 Compositions - Properties' 


Example No. 




1 


2 


3 


4(*) 


FMVE (% weight) 


4.6 


6.4 


7.2 


4.6 


FPVE (% weight) 


0.9 


0.9 


1.0 


0 


Melt Flow Index (g/lO') 


7 


17-5 


20 


7 


T„ (II) rc) 


294 


287 


277 


298 


Properties at 200*C 




Elastic modulus (MPa) 


46.5 


38 


26.7 


60 


1 Yield stress (MPa) 


5 


4.7 


2.2 


3 


1 Breaking stress (MPa) 


8.5 


6.5 


6.5 


6 


1 Properties at 250**C 




1 Elastic modulus (MPa) 


25 


18 


12.6 


41 


1 Yield stress (MPa) 


3.3 


3 


1.2 


2 


\ Breaking stress (MPa) 


5.3 


3.5 


2.8 


3 


1 Flex Life 


3500 


2320 


5800 


700 


\ Creep strain (%) 




6.7 
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EXAMPLE 5 

Se cLs^ifieJas AGW 20. having a wa.. thickness of 0.25 --J^I^^^^'^^^^^^^^ 

standard (Cut Through Test), with a blade radius of 0.25 mm. at 200-C and 250 C. The results are p 

2. expressed in terms of the force (in Newton) necessary to cut the cable. 

EXAMPLES 6-7 feomparatlve) 

The same cable coating of Example 5 was performed using ----ia. FEP copo^^^^^^^^ 
the trademarks Teflon(") FEP 100 (MFI = 6.6 g/lO"; Example 6). and Teflon(«) FEP 115 (MR - 15.3 g/10 . bxamp 
The results of the Cut Through Test are reported in Table 2. 



EXAMPLE 


5 


6(*) 


70 


MFI (g/10')' 


14.0 


6:6 - 


15.3 . 


CUT THROUGH TEST (N) 


at 200»C 


11.0 


8.6 


4.0 


at 250*0 


8.7 







55 



Claims - 

1 . Thermoprocessable tetrafluoroethylene copolymers, which consist 
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0) 

R^O-CF = CF2 . ^'^ 

wherein is selected from: 

•0 .R,-T Wherein Rp is a perfluoroallcylene radical having from 2 to , . carbon atoms and T is F. CI or H; 

ii) 



(ID 



- (CF.-CF-O)-- (C?:)„-CF, 
I 

CF3 



wherein n is a number from 1 to 4, and m is a number from 0 to 3; 
iii) 



Z(OCF)p(OCF;-CF),-OCF, 



wherein the 



(OCF) 
I 

X 



and 



(OCFj-CF) 



a™ »ndo„,„ «*u,«. along «e ohai. X 'Zn^^^'oZ 

/-rr . -7 ^nPY^- nr -fCF^-CFYV" D and q, equal or different tronn eacn omtji. aio i lu 

fo'fhellSgenur^b^rr^or^^^^^^ 
iv) 

-iC^ -CF-0),- (CF.).- (0-CF-CF.),-0-C? = CP, (IV) 



w 



w 



wherein W is -CI. -F or -CFg, and I and t are numbers from 0 to 5; 
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V) 



CF--CF 



(CF--CF-0) - 



CF 



.. C 

CF-. 

i 

CF-CF; 



wherein r is a number tromO to 4; 

(2) (VI) 

r2^H - cHg 

9 in 12 carbon atoms, 
^«r« R is a perfluoroalkylene radical having from 2 to 12 c 
Wherein is a -RrT group where .s pert 

isperfluoropropylvinylether. „ to anvoneol claims from 1 to 4 for coating 

electric cables by melt extrus«n. 

PatentansprOche -■ 



aus: 



0) 

B'O-CF = CFg 
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worin R, ausgewahit wird aus: 

I) .R,.T. worin Rp ein Parfluoralkylen-Radika. ist, das 2 bis 12 Koh.ensto«atcme aufwoist und T F, C. 
Oder H Ist; 

ii) 

- (CF,-CF-0),- (CF:)„-CF, ^^^^ 

\ 

CF, 

worin n eine Zahl von 1 bis 4 ist. und m eine Zahl von 0 bis 3 ist; 
•ii) 



-Z (OCF) p (OCFi-CF) ,-OCF, 

Ic i 



(III) 



worin die 



(OCF) 
I 

X 



und 



(OCF,-CF) - 
1 

Y 



bis 2.000 betragt; 
iv) 



-(CF,-CF-0).-(CF,),-(0-CF-CF,).-0-CF = CF, (IV) 



W ^ 
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V) 
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W ^Cl. -F Oder -CF3 ist und I und t Zahlen vor. 0 bis 5 sind; 




CF,-CF 
1 

- (CF,-CF-0) r 

I 

CF, 



worin r eine Zahl von 0 bis 4 ist; 

(2) 



CF, 
I 

CF-CF, 



r2-CH = CH2 



(VI) 



aufweist.undTF.CIoderHist; 

,^«n Mer,«e daB die Summe der Prozentantei.e der verschiedenen Mono- 
c) Tetrafluorethylen. in einer solchen Mange, dan a.e 
meren 100 Gew.-% betragt. 

a) 2 bis 9 Gew.-% Perfluormethylvinylether; 

.)01 b.1.53ew.-%einescderme.rerer«uoHerterMono.ereb)desAnsprucbes1; 

,^en Menqe daB die Summe der Prozentanteile der verschiedenen Mono- 
c) Tetrafluorethylen. in einer solchen Menge. aau aie 
meren 100 Gew.% betragt. 

K Anenruch 1 oder 2 wobei in dem Monomeren der Formei 

ShTrng-eleKtrischer.Kabel.^ 

! ' ^ 

Revendlcations 

, . CopoVm.res de t.tra«uoro.thy..ne thermotormables. qui sont const.u.s par : 

(a) de 0 5 a 1 3% en poids de perfluorom6thylvinyl6ther ; 

; un monomfere fluor6 choisi dans le groupe constitu6 par . 



(b) 



de 0.05 a 3% en poids tfau moins i 
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R^O-CF = CF2 



Ri est choisi parmi : ^ ^^^^^^ ^ ^^^^ .^^^^^ 

0) -Rp-T, oC B. est un radK^a. perf.uoroaM.ne ayant de . . 12 atom 
F. CI ou H ; 
(ii) 



(CF2 ^ 

CF3 



(II) 



ou 
(Hi) 



n est un nombre de 1 ^ A. et m est un nombre de 0 ^ 3 ; 



.Z(OCF)^(OCF2-C?)q-OCF3 
X 



(III) 



oil les unit6s 



(OCF) 
1 



et 



(OCF2-CF) 
I 

Y 



des nombres 
2000 ; 
(iv) 



r-T? ^ -0-CF=CF2 (^^^ 
(CF,-CF-0) (CF2) 2- (O-CF-C. 2) . O C 



I 
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ou W reprdsente -Cl.^F ou -CF3. et I et t sont des nombres do 0 ^ 5 ; 

(V) 



10 



CF, -CF CF. (V} 

I ! * 

-(CF,-CF-C). CF CF-CF 
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CF, 



ou r est un nombre de 0 ^ 4 ; 



(2) 



R^-CH=CH2 (VI) 



ou R2 repr^sente un groupe -Rp-T, ou Rp est un radical perfluoroalkyldne ayant de 2 & 12 atomes de 
carbone, et T repr^sente F. CI ou H ; 

(c) du t6trafluoro6thylfene. dans une quantity telle que la somme des pourcentages des divers monomdres 
soit egale a 100% en poids. 

^ 2. Copolym6res de t6trafIuoroethyl6ne thermofornnables, selon la revendication 1 . qui sont constitu^s par : 

(a) de 2 ^ 9% en poids de perfluororn6thylvlnyl6ther ; 

(b) de 0,1 1 ,5% en poids d'au moins un monomdre fluor6 (b) de la revendication 1 ; 



(c) du t6trafluoroethyl6ne, dans une quantity telle que la somme des pourcentages des divers monom^res 
soit 6gale k 100% en poids. 

3. Copolym6res de t6trafluoroethyl6ne thermoformables. selon I'une des revendications 1 ou 2, dans lesquels, dans 
le monomere de la formula 0) (i). Rp est un radical perfluoroalkyl^ne ayant de 2 ^ 6 atomes de carbone. et T 
represente F. 

4. Copolym6res de t6trafluoroethyl6ne thermoformables, selon la revendication 3, dans lesquels le monom^re de 
formule (1) (i) est le perfluoropropylvinyldther. 

Ev Utilisation des copolymdres de t6trafluoro6thyl6ne thermoformables, tete que d6finis k I'une des revendications 1 
a 4, pour I'enrobage de cables 6lectriques par extrusion de matifere fondue. 
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